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0 Methods and apparatus for electrochemical measurements. 



0 A method for measurement or detection of a 
component of an aqueous liquid sample, said meth- 
od comprising: 

^placing a sample, possibly containing the component 
^to be analysed, into a reaction zone in a reaction 
v>*ceii, said reaction cell comprising at least two eiec- 
^trodes having an impedance which renders them 
suitable for amperometric or voltammetrlc pro- 
55 cesses, and 

m 

said reaction zone comprising a thin layer of reaction 
Oflquid of thickness less than about 0.2 millimeter 

overlying one of said electrodes, said electrode be- 
Ullng capable of electrochemicaliy reacting with an 

oxidisable or reducible substance. 



reacting said component. If present, directly or fn- 
directiy with a redox reagent in said zone, thereby to 
fonn In said zone directly or indirectly a quantity 
conresponding in amount to the amount of said com- 
ponant present in said zone, of an electrochemicaliy 
oxidisable or redudble substance cajpable of elec- 
trochemicaliy reacting with said electrode, and toeing 
diffierent from said redox reagent 

and etectrochemically detecting or estimating the 
quantity of said oxidisable or reducible substance in 
said zone as an Index of said component to be 
measured or detected. 
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Methods and Apparatus for Eiectrochemical Measurements 



Raid of the Invention 

This invention relates to methods and appara- 
tus for making electrochemical measurements, in 
particular but not exclusively for the purpose of 
carrying out microchernical testing on small liquid 
samples of biological, e.g. clinical origin. 



Background to the Irivento'on 

R SchlSpfer et al (Clin.ChlmA:ta. 1974, pp 
283-289) described electrochemical measurement 
of glucose concentration using glucose oxidase 
arid soluble electron transfer substances such as 
ferricyanlde. p-benzoquinone. 2.6-dichh)ropHenolin- 
dophenol, pyocyanlne, thionine or methylene blue. 
Interacting with amperometric noble-metal elec- 
trodes. 

These arrangements have not given nsi9 to 
glucose-measurement products which are simple 
and convenient to use in environments far removed 
from the skilled inhabitants of analytical laborato- 
ries. 

Since 1974 a variety of further electrode ar- 
rangements have been proposed for 
Chemical/immunochemical analysis, among them 
electrodes canrying immobilised redox mediators 
as well as enzymes, for example EP 0 078 638» 0 
125 136 and 0 125 139 (Genetics International), 
and 0 142 301 (Serono). EP 0 177 743 (Shimadzu) 
describes enzyme electrodes of somewhat com- 
plex construction, which are capable of use to 
measure a number of enzyme substrates by am- 
perometry, using electron transfer mediators. 



Summary of the Invention 

This invention aims to provide measurement 
cells and methods to enable quick convenient and 
accurate measurement of various constituents of 
liquid samples, especially of biological origin, e.g. 
clinical samples of blood, serum, or urine. 

The Invention also aims to provide measure- 
ment cells of simple construction which can be 
treated as disposables. 

it is also an aim of the invention to enable 
convenient and in many cases quantitative elec- 
trochemical methods to be applied to analytes 
which do not themselves react with electrodes. 



It is a further aim of the present invention to 
provide electrbchemicai ceils for convenient liquid 
sample analysis but without requiring complex 
electrode structures involving immobilised compo- 
5 nents. 

According to an aspect of the invention there is 
provided a method for measurement or detection of 
a component of ah aqueous liquid sample, which 
comprises allowing the sample possibly containing 

70 the component to be analysed, in a reaction cell, to 
produce directly or indirectly a (e.g. dispersed) 
corresponding quaritity of an electrochemically ox- 
idlsable or reducible substance In said cell, and 
then electrochemicially, e.g. coulbmetrically or 

75 chronopotentiometrically, estimating the quantity of 
said oxidisable or reducible substance in said cell 
as an index of the quantity of said substance to be 
measured. For example, the connponent to be an- 
alysed may oxidise or reduce directly or indirectly 

20 an electron transfer substance which is then es- 
timated electrochemically. The production of the 
electrochemically oxidisable or reducible substance 
may be made to occur enzymically. 

The result relating to the quantity of the sub- 

25 stance to be measured can be of use, amorig other 
things, as an index of the conceritration of the 
substance in a liquid sample. 

The invention also provides a method for mea- 
surement or detection of a component of an aque- 

30 ous liquki sample, said method comprising: 

placing a sample.' possibly containing the compo- 
nent to be analysed, into a reaction zone in a 
reaction cell, said reaction cell containing at least 

35 two electrodes having ah Ihfipedarice which renders 
them suitable for amperometric or voltammetric 
processes, and said reaction zone comprising a 
thin layer of reactk)ri liquid of thickness less than 
afcx)ut 0.2 millimeter overiying one of said elec- 

40 trodes, said electrode being capable of electro- 
chemically reacting with an oxidisable or reducible 
substance, 

reacting said component, if present, directly or 
45 indirectly with a redox reagerit in said zone, there- 
by to form In said zone directly or indirectly a (e.g. 
dispersed) quantity, corresponding In amount to the 
amount of said component present in said zone, of 
an electrochemically oxidisable or reducible sub- 
so stance capable of electrochemically reacting with 
sdd electrode, and being different from said redox 
reagent 
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and electrocheiTiically detecting or estimating the 
quantity of said oxidisabie or redudble substance 
in said zone as an index of said component to be 
measured or detected. 

in this specfficatioh and claims 'redox reagent' 
and similar ternis and 'electron transfer reagent' 
and con'^pdnding terms Bre mutually inclusive. 

It is within the scope of the invention that the 
redox or electnm transfer reagent is effectively 
represented by one of the electrodes, and that the 
initial reaction with the a>mponent to be detected 
or detemhined Is an electrochemical reaction in 
which a derivative of said component Is deported 
on one of said electrodes. 

Also provided by the invention is apparatus for 
carrying out electrochemical detection or measure* 
ment of a oomponent of an siquebus Ilqutd sample, 
said apparatus cbmprlsing: 

a reaction cell compijsing[ at least two electrodes, 
having an impedance which renders them suitable 
for amperometric or voltammetric processes, lo- 
cated in or adjacent to a reaction zone, said reac- 
tion zone being capable of receiving an aqueous 
Hquid sample possibly containing said component 
to be detected or measured, and said electrodes 
and said reaction zone being an^ged so that 
liquid in said zone contacts said electrodes, and 
said reaction zone comprising a thin cell of thick- 
ness less than about 0.2 millimeter overlying one of 
said electrodes, said electrode being cajpabie of 
electrochemically reacting witii said oxidisabie or 
reducible substance, 

and said cell optionally also compri^ng at least a 
redox reagent located to contact said sample when 
said sample is introduced into said cell and into 
said reaction zone, said redox reagent being ca- 
pable of dissolving or dispersing in said aqueous 
sample, and reacting directiy or indirectly witii said 
component to form an electrochemically oxidisabie 
or reducible material in said zone. 

It is espedally prefenred to provide In tiie use 
of this method a cell which confines tiie liquid 
reagents to react with tiie electrode to a sufficiently 
ttiin layer overlying tiie electrode that coulometry 
or ottier, for example Integrating, amperometric 
measurement of the electi^acUve material can 
take place in a short time. A suitable tiiickness for 
the liquid layer is for example of the order of atx>ut 
0.02 to 0.2 mm, for example about 0.1 mm. 
Capillary-fitt cells with a configuration as described 
In EP 0 170 375 (Unilever) are among the cells 
suitable in this respect In certain useful an^ge- 
ments witiim ti)e scope of the invention, tiie cell 
may confine a defined reactive volume of sample 
or reaction liquid In a space of defined widtii be- 
tween a cell wall and an electrode of defined area. 



Liquid outside the volume may be able to diffuse 
inwards but for example only at an Inappreciable 
rate compared to the tirne required for reaction of 
the liquid in the defined volume. In otiier useful 

5 embodiments, the cell may define a volume of 
liquid to provide material to react at tiie electrode. 

In one preferred kind of test arrangement tiie 
component of tiie aqueous liquid sample to be; 
measured is a reducible sugar such as glucose, 

10 and a reagent with which saki sugar is allowed to 
react is an oxidase enzyme specAic for said sugar 
desired to be measured, such as glucose oxldiase, 
togettier with any furtiier substrjrte. Glucose and 
glucose oxidase togetiier react wttii an electron 

75 transfer mediator such as fenricyantde lorr In Qlaoe^ • 
of their normal further substrate oxygen to produce 
a conrespondlng quaritity of fenwyanlde ion. R- 
hally the ferrocyanide ion so produced Is estimated 
electrochemically by anodic oxidation. 

20 Among further suitable exafmples of electron 
transfer substances are methylene blue, p-ben- 
zoqulnone, 2,6-dichiorophenolindophenol. 
pyocyanine and tiikmine. 

The component to be measured can in general 

25 be formed by initial ehzymic or chemical conver- 
sion of an analyte: e.g. an analyte can be sucrose, 
and invertase can be contained in said cell to fomn 
from said sucrose glucose by hydrolysis: the glu- 
cose so formed can tiien be measured by the 

so methods described herein. 

An oxidoreductase enzyme can I>e present in 
said cell to mediate any desired reaction between 
tiie component to be measured and any additional 
electron transfer reagent 

36 In one class of tests which can be canied out 
using tiie devices and metiiods described In more 
detail herein, the component to be measured com- 
prises an electrochemically redudble m^ Ion or 
an elec^ochemlcally oxidisabie inorganic ion or an 

40 electrochemically oxhilsable or reducible organic 
compound, and Is measured eltiier by c^BCt* 
couk)metry or voltammetry or by coulometry or 
voltammetry after Initial electrocherhk»l conversion 
to an electrochemically oxidisabie or reducible in- 

46 termediate. In certain cases, tiie tests can be car- . 
ried out as amperdmstric tests, he. It nriay not ki all 
cases be necessary to deplete completely the 
electroactive species to be m^sured. - 

The form of the reaction cell In whk:h these 

60 reactions are allowed to take place can contrfoute 
8lgnlfk:antly to the convenience of tiie test proce- 
dure. We prefer to uise an adapted form of the 
capillary fill cells provided with electrodes as de- 
scribed in European Specification No 0 170 375 

65 (UnUever). containing electroctes of suitable imped- 
ance carried as thin Wms on one or more wails 
tiiereof. The drawings and description of saki 
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specification are incorporated iierein by reference, 
to be modified by the indications given herein for 
making and using the measurement devices and 
methocte of the presertt invention. 

Such a ceU as adapted for the purposes of the 
present. inveritibn can suitably for sample com- 
prise three electrodes, viz (a) a working eiectrode, 
for exampie of gold or other noble metal, carbon of 
graphite in any convenient form, e;g. wax-impreg- 
nated graphite; (b) a counterelectrode, chosen from 
a skniiar range of materials as given for electrode 
(a), and possibly of the same matedal as electrode 
(a) itself; and (c) a refererice electrode, for example 
a silver/chloride electrode, or pH electrode. 

Choice of electrode materials can for many 
purposes preferably be made among goU. silver 
and carbon film electrodes. Examples of preferred 
uses are: gold electrodes are very suitable for 
voltammetry of trace quantities of mercury, and 
gold electrodes In conribinatlon with a thin mercury 
layer, e.g. produced by preliminary electrccehem- 
ical deposition from a quantity of nriercuric salt, are 
very suitable for analysis of heavy metals or or- 
ganic materials such as drugs* e.g. morphine. Car- 
bon electrodes are very suitable e.^. for elec- 
troanalysts of oxidisable organic groups such as 
amines, or reducible organic groups such as 
nitrobenzenes. The aim is to provide electrodes 
with low enough impedance for amperometric or 
voltammetnc use, in a manner well known in itself. 

in one convenient fonm, both or all electrodes 
aire contained as films in a capillary fill ceil formed 
between two parallel flat plates spaced apart by 
about 0.1 mm cell thickness, with about 0.1 mm 
thick tracks of sealing matarial forming the remain- 
ing sides of the cell apart from an aperture for 
entry of liquids. 

It can be convenient to form such a cell using 
opposed plates of for example ceramic, plastics or 
glass. When such a cell is fabricated, as is pre- 
ferred, by the use of ceramics, a suitable substrate 
can be for example a 96% alumina substrate 
(Kyocera A4476 - Trade Mark), and a prefenred 
ifnateriai for the electrodes to be formed thereon is 
gold, applied as gold printing paste (Engelhard 
T4474 - Trade Mark), to be applied in a high 
temperature oxidative fumdce in accordance with 
the ordinary methods of use of that material. This 
results In the cohtaext of this invention in a gold 
layer with overlying thin oxide layer capable of 
constituting a highly reprodudble electrode. When- 
ever desired, part of the metal layer can be 
blanked off by overlying dielectric layers e.g. 
fomned of dielectric printing ink (DuPont 5704 - 
Trade Mark) applied to the sut)strate according to 
the ordir^ manner of use of that material. 



When reactions of the kinds described above 
are allowed to occur in a ceil as described aiDOve, it 
is found that a working electrode can easily deplete 
substantially all of the eiectroactive material In that 

5 part of the liquid that overlies the woridng elec- 
trode, before any substantial lateral diffusion has 
taken place. 

Accordingly, it is preferred to use cells of such 
dimensions that this situation prevails: i.e. that the 

70 time required for lateral diffusion of an appreciable 
amount of reactive material from the.region outside 
that which overiies the working electrode, to the 
region overiying the working electrode, is much 
longer than the time required for diffusion of cell 

75 contents across the thickness of the cell and for 
depletion by an electrode of the maiterial capable of 
reacting with It from the region 5f the ceil overiying 
said electrode. 

An advantage arising from use of the invention 

20 in this manner is that the measurement can be 
made substantially insensitive to the nature of the 
electrode material and ciEdibration of the measure- 
ments can be particularly simple and uniform as 
between samples of the devices as described here- 

25 in. 

The arrangements of the invention can for ex- 
ample take the- font) of coulometric measurements 
or of chronopotentiometric measurements, or of 
amperometric measurements. Such measurement 

30 methods are in themseh/es known and their details 
do not constitute the present invention. In certain 
embodiments, the process of measurement can 
take the form of modifications of the amperometric 
methods described for example in EP 0 177 743 

35 (Shimadzu). 

Further details of the invention are given t>elow 
in connection with the following non-limitative ex- 
amples. 

40 

Exampie 1 

Examples of glucose measurement will now be 
descrit)ed non-limitatively, first in a coulometric 

^ eimbodiment 

Reagents for the test can convehiehtiy be dried 
down on to a surface which eitiier forms part, or 
will form part of a glass or ceramic inner surfece of 
a capillary fill cell. 

50 The reagents can be dried down either by 
filling reagent liquid into a pre-formed cell (e.g. 0.1 
mm wide) and then drying, or by screen-printing a 
liquid layer up to 0.1 mm thick to be dried on to 
said surface which will fomn part of said cell when 

55 said cell is fabricated from a component carrying 
dried printed reagents. 



4 



7 



0 255 291 



8 



In the present example the reagents are cho* 
sen so that upon rehydration in the sample liquid 
filling the ceil they give:* 

buffer (preferably about 0.1M ammoriium ci- 
trate, otherwise e.g. 0.05M sodium phosphate) 
adjusted to approxirhately neutral pH; 
O^M potassium ferricyanide; and 
0.5 mg/rhl glucose oxidase (a considerable 
excess, which may be reduced). 
Low molecular weight (about 40,000) potyvinyh 
pynroliddne can be ilsed as a canier and/or 
stabiliser, used in a. quantity and concentration 
dictated largely by the volume of reagent liquid to 
be applied and dried, and by the method of ap- 
plication. e.g. at 5% w/v in liquid to be filled and 
dried in a preformed cell, ahd at higher concentra- 
tion (optionally lower volume) in liquid to be print- 
ed. In other variants, any other reagents can also 
be prescint to suit the test to tto lest sample liquids 
to be used • e.g. further anticoagulant besides 
citrate. If necessary, where whole biood is to be 
tested. This example gives a sensitivity range of 
about 0 to 20 mmdiar glucose concentration. In 
other variant examples, suitable concentrations for 
the ferricyanide lie in the order of obout 3 times the 
maximum concentration of glucose to be estimat- 
ed. Chloride ion should iDe present where a chlo- 
ride electrode is used as the reference electirode. 
Also usefully present in certain variant can be an 
inlnibitor of catalase, e.g.. sodium ^de. aiid/or a 
chemical deoxygenator. 

The dried reagents may be carried and/or 
stabilised on a surface by inclusion of a water- 
soluble polymer, e.g. polyvinylpyrrolidone, or alter- 
nativeiy a water-irtsoiubte poiymer support such as 
a thin layer of cellulose acetate. 

Test liquid is introduced into the ceB. The 
Immobilised reagents including the electron trans- 
fer substance (fenicyanlde) are allowed to dissolve 
and disperse throughout the volume of the test 
liquid, and the reaction of the glucose and the 
glucose oxidase is allowed to take place, reducing 
the fenicyanlde to fenocyahide. 

The electrical arrangements can comprise for 
example a conventional potentiostatic contml ar- 
rangement in which» for example, a voltage-follower 
Impedance transformer is connected with Its Input 
taken frOm the working electrode and reference 
electrode, arKi its output taken, through circuitry to 
apply a woridng low-impedance voltage between 
the woridng electrode and the counterelectrode. In 
a negative feedback arrangement such that the p.d. 
between the worictng electrode and reference elec- 
trode Is kept ctose to a desired level. 



A current integrator is connected whh its Inputs 
taken from the working electrode and counterelec- 
tnxle, and delivers as Its ou^Hit a signal which is to 
be taken as the coutometric measurament given by 

5 the device. 

Initially, the potentiostatic control is set so that 
the p.d. between woridng and reference electrode 
is insufficient to allow electrode reaction of the form 
of electron transfer substance produced Indirectly 

10 by reaction of the analyte: at a point In time from 
which the coulometric kitegratioh is to be started, 
the voltage is stepped to a lev^ that ctoes allow 
such electrode reaction. Typically, a potential at the 
woridng electrode is chosen that oversteps tiie 

16 redox potential of the electron transfer nrmterial by 
of the order of about 0.06 - 0.1 volt, to maximise 
the wanted reaction relative to any side reactions. 
Then the cun^nt is monitored and for example 
integrated for a wantad appropriate interval of time 

20 to provide the desired signal incficative of the. want- 
ed measurement Suitable 'inactive* and 'active* 
potentials for the fenro/fenicyanide embodiments 
can be for example In the range up to about + 
0.25 volt and 0.5 volt respectively. 

25 A prefenred configuration for tiiis and otiier 
examples involves tiie use of a cell comprising a 
pair of goM electrodes. In this case one gokJ elec- 
trode can serve as a counter-electrode as well as a 
reference electrode, and a substantially invariant 

30 potential can be obtained via the fenricyanide 
present in the reaction mixture, of which the quan- 
tity can most suitably be large, (e.g. nujch larger 
. than the quantity Of analyte and ferrocyanlde 
fonned by reduction.) hence substantially constant 

35 A preferred operating potential can be at about + 
0.15 volt. 

It can be especially cbnivenl^ to provide a 
simple comblnatiori of potentic^t^ and digital mis- 
ter readout for the integrator. Then the user can 

40 watch until the digital reading comes , substantially 
to a standstill (i.e. upon completion of the electrode 
reaction) and takes the reading at that point as the 
warited measurement result, or in anotiier arrange- 
ment, involving automatic data processing, the cBgi- 

46 tai signal can be stored when Its rate of change 
has subsMed befew a preset threshokJ rate. 

It is found th€4 typical electrode currents in tills 
couiometry are of the order of fractions of a mll- 
liamp for a few mlni^ where typical blood glu- 

50 cose concentrations are measured. e.g. In whofe 
blood, plasma or serum. 

In one altemtfive variant of Ms emlxKllment, 
there may be no Inactive* potential applied to the 
cell formed by the working and counter electrodes, 

56 but rather this ceil may be left open-circuit untfl the 
cunrent integration Is to take piece. 
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Example 2 

Glucose measurements can be made by 
bhrbnopotisntiometry, using arrangements similar to 
thdSe described in Example 1 above in respect of 
the cell, electrodes, and cell contents, biit the elec- 
tronic arrangements are as follows. 

A high-impedance measuring and indicating ar- 
rarigernent is used to rheasure the p.d frorh work* 
Ing to reference electrode, and then a constant 
current, e.g. up to about 0.1 miillamp, is applied 
between the working and counter electrodes. The 
potential between working and reference electrodes 
thereupon starts from zero, rises to a substantially 
steady (in practice, slowly-rising) value for a period 
during which the fen-oqyanlde is being oxidised at 
the el^rode. The time during which the voltage 
rema'ns substantially steady or only slowly rising 
can be taken in cornblnalion with the cunent level 
to yield an Integrated value with the sarne signifi- 
cance as before. 

ft can be convenient to use simple digital cir- 
cuit modules to start the timer when the voltage 
has reached within about 5% of its steady state 
value, or Is changing at a correspondingly slow 
rate, and to stop the timer on reaching a second 
threshold of voltage or rate of change of voltage. 

In connection with the example of glucose 
measurement, alternative eiectrochertiical reaction 
paths besides the glucose-oxidase-feiricyanide 
path may be used. Glucose oxidase is much the 
preferred material tor reaction with glucose, and it 
can bQ used In combination with other electron 
acceptors than ferricyanide. e.g. methylene blue. 

Methylene blue offers the advantage over fer- 
ricyanide in being less susceptible to interfering 
side reacttons from any ascorbic acid there may be 
in the test sample. 



Examples 

A variant of the process of the invention can be 
used for trace metal analysis by anodic stripping 
voltammetry. In this arrangement, it can be conve* 
nient to use a noble metal or (preferably) cart)on 
working electrode, pH buffer, and excess mercuric 
nitrate. In a calibration test, for example, the test 
liquid in the cell can contain 1 micrograrh/ml each 
of cadmium, lead and copper Ions, and 20 
microgram/ml mercuric ions, in acetate buffer 0.1 M 
pH 4.8. The measuremerrt method is as follows. 
After introducing the reagerits into a capillary fill 
cell provided with electrodes as described above, 
(a) first a high negative potential (-1.0 voH) can be 
applied to the working electrode tor a precisely 
standardised time in this instance chosen as 30 
seconds, to deposit Hg metal thereon, to form a 



thin mercury film including as amalgam whatever 
traces of metals may deposit together with the 
mercury. When a capillary fill cell is used, com- 
plete deposition may be achieved and standar* 

5 disatibh of time may rendered unnecessary. 

thereafter, (b) a positive going potential ramp 
is applied to the working electrode, (e.g. from -1.0 
volt to .+0.1 volt using a differential pulse tech- 
nique at ah overall scan rate of 10 mV per second 

TO with -^50 mV pulse height using a PAR 264 polaro- 
graph (Trade Mark) from Princeton Applied Re- 
search). Measurement of the resulting current is 
made to determine the dccunrence of any peaks. 
Any peaks that occur Indicate the presence of a 

75 metal identifiable in principle by the potential at 
which the peak is observed, in a quantity cor- 
responding to the aorea under or height of the 
cunrent peak. 

This reagents can be dried down as with other 

20 embodiments, and deoxygenating reagents such as 
ascori)ic acid and/dr sodium sulphite can be In- 
cluded, and/br an ax. polarographic technique can 
be used. 

Further variants of the processes of the inven- 
25 lion are represented for example as follows: 

(a) Direct voltamrhetry of mercuric ions using 
^a gold electrode can be carried out by introducing 

a sarhple possibly containing a trace quantity of 
mercuric ions into a capillary fill cell, and imposing 

30 a negiative-goihg potential gradient on one of the 
electrodes e.9. from +0.5 volt to -0.5 volt, at 5 
mV/sec as a linear rarnp. This produces a peak 
current response, where the mercuric ion is re- 
duced, the integrated quantity of the charge 

3$ passed during the peak Is detected or estimated as 
an index of the amount of the mercury present. 

Altematively the mercury can be estimated by 
step coutometry, which comprises holding the elec- 

40 trode potential more positive than the mercuric 
reduction potential, e.g. +0,5 volt until other 
current-generating processes' have decayed. Then 
the voltage is stepped to a value more negiative 
than the mercury reduction potential, e.g. to -0.1 

45 volt Theri the charge passed until the cunent de- 
cays can be taken as an index of the amount of 
mercury present 

It is of course possible to carry out variante of 
50 each of these processes In which stripping voltam- 
metry is used, as in Example 3. 

(b) Nickel can be estimated using a cell 
containing dimethylglyoxime as follows: In the cell 
there is provided as a reagent layer (together with 

55 mercuric acetate or nitrate as in Example 3) a layer 
of dimethylglyoxime salt. pH7. This reacts with 
nickel {2-^) introduced in a sample to form a com- 
plex. At about -0.4 volt mercury deposite on the 
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(e.g. gold or carbon) electrodes with an oxidised 
form of the nickel complex. The complex can then 
be stripped and analysed using a negptiveiy going 
potentiat gradient 

In this variant, preferrred electrode systems are 
either a 3-electrode system comprising two gold 
electrodes and a silver reference electrode, or a 2- 
electrode system comprising a gold electrode and 
a sliver (chloride) sacrificial electrode. 

(c) Organic materials, e.g. drugs such as 
morphine, can be estimated by absorptive stripping 
voltammetry using cell ainrahgements as describe 
herein: holding a gold or cartx)n electrode at a 
negative potential for about a nriinute. and by hold- 
ing the electrdde at about 0 volt for about a minute 
the morphine niay be absorbed: on reducing the 
electrode potential past about -0^ volts the mor- 
phine derivative is stripped off and generates a 
cunrent peak from the amount of which the rdsult of 
the test rhay be obtained. 

In fuirther erribodiments, it can be sufficient to 
use a working electrode and a further electrode 
comt)ining the functions of reference and counter 
electrode, provided that the further electrode, Is a 
metal/metal-halide reference electrode and the cor- 
responding halide is present In the sample, prefer- 
ably at standardised concentration. Alternatively, 
any other further electrode of lew electrochemical 
impedance and adequately-defined potential may 
be used. Suitable electrodes for use are for exam- 
ple as described in EP 0 186 286 (Unilever). 

The invention described herein is susceptible 
of many modifications and variations as wfll be 
apparent to the skilled reader, and the disclosure 
herein extends to the use of all combinations and 
subcombinations of the features and characteristics 
described shown and/or meritioned herein and In 
the drawings referred to in a specification Incor- 
porated by reference. 



Clalnns 

1. A method for measurement or detection of a 
component of an aqueous liquid sample, said 
method comprising: 

placing a sample, possibly containing the compo- 
nent to be analysed. Into a reaction zone in a 
reaction cell, said reaction cell comprising at least 
two electrodes having an impedance which renders 
them suitable for amperometric or voltammetric 
proceisses, and 

said reaction zone comprising a thin layer of reac- 
tion liquid of thickness less than about 0.2 millime- 
ter overiying one of said electrodes, said electrode 



being capable of electrochemically reacting with an 
oxidisable or reducible substance, 

reacting said component if present directiy or 
5 Indirectly with a redox reagent In safd zone, there- 
by to form in said zone directly or indlrectiy a 
quantity conBspondlrig in arnount to tite amount of 
said comporient preserrt In said zone, of an elec- 
trbchemically oxidisable or reducible substance ca- 
70 pabie of electrocheifnically reacting witii said elec* 
trode, and being differerft frdrh said redox reagent 

and electrochemically detecting or estimating the 
quantity of said oxkOsable or reducible sut>stance 

16 in said zone as ah index of said component to be 
measured or deteteted. 

2. A metiiod according to claim 1, wherein said 
component to be measured is fonned by initial 
enzymic or chemical conversion of an analyte. 

20 3. A metiiod according to daim 1 or 2,' wherein 
suffideim cun^ is passed tiirough said cell to 
provide substantially couk^metric measurement of 
sakJ oxidisable or redudble substance by depletion 
of sakJ substance in a region of said ceil overiying 

25 said electrode. 

4. A metiiod according to daim 1, 2 or 3. 
wherein said redox reagent comprises fenricyanide 
or otiier redox reagent selected from methylene 
blue. ,D-benzoqulnone. 2,6-dichtorophenoim- 

30 dophenok,Bjgcyanlne or tiiionlne. and said elec- 
trochemlc«Sy^aiSabie.,or redudble substance is 
oxidisable and comprises fem gyaniije, or reduced 
fonm of saidotiier rectox jrejagent 

5. A method according to daim 1, 2, ' 3 or 4, 
35 wherein said component is reacted witii an. enzyme 

and said redox reagent tiiereby to form said elec- 
trochemlcaily oxidisable or redudble substance. 

8. A metttod according to claim 5, wherein said 
enzyme comprises an oxidoreductase enzyme. 
40 7. A mettiod according to claim 5. wherein said 
component comprisiss a redudng siigar and s^d 
enzyme comprise a conrespondihg sugar oxidase. 

8. A mettitxJ according to daim 7. wherein said 
component comprises gkjcose and said enzyme 

46 comprises glucose oxidase. 

9. A mettiod accordhng to claim 1, wherein saki 
eiectrbchemical detecting or estimating is carried 
out chronopotentfometrically. 

10. A method accdr^ng to claim 1. wherein 
60 said component to be measured comprises an 

electrochemically redudble metal ion or an elec- 
trochemically oxidisable inorganic ion or an elec- 
trochemically oxWisable or redudble organic com- 
pound, and is measured eHher by direct coukMfie- 
66 try or voltammetry or by coulometry or voltam- 
metry after Initial electrochemlcai conversion to an 
electrochemk:ally oxidisable or redudbte Intemiedi- 
ate. 
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11. Apparatus for carrying out electrochemical 
detection or measurement of a component of an 
aqueous liquid sample, sad apparatus comprising: 

a reaction cell comprising at least two electrodes, 
having an impedance which renders them suitable 
for amperometric or voltammetric processes, lo- 
cated in or adjacent to a reaction zone, said reac- 
tion zone being capable of receiving an aqueous 
liquid sample possibly containing said component 
to be detected or measured, and said electrodes 
and said reaction zone being anranged so that 
liquid In said zone contacts said electrodes, and 
said reaction zone comprising a thin cell of thick- 
ness less than about 0.2 millimeter overlying one of 
said electrodes. 



19. Apparatus and methods according to any 
preceding claim, or substantially as described 
herein by reference to any combination or subcom- 
bination of the features of the accompanying sped- 
ficatioh and drawings. 
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and said cell optionally also coriiprising at lea^ a 
redox reagent located to contact said sample when 
said sample Is Introduced into said cell and into 
said reaction zone, said redox reagent being ca- 
pable of dissolving or dispersing in said aqueous 
sample, and reacting directly or indirectly with said 
component to fonn an electrochemtcally oxidisable 
or reducible material in said zone. 

12. Apparatus acconjing to claim 11, compris- 
ing an enzyme located to contact said sample 
when said sample Is Introduced into said cell and 
into said reaction zone, said enzyme being capable 
of catalysing reaction between said component and 
directly or indirectly said redox reagent 

13. Apparatus according to claim 11 or 12, 
wherein said redox reagent and/or said ehzynie are 
cam'ed as.re]eassbje_!ayers, e.g. dried layers, on a 
surface of said reaction cell or reaction-zone which 
In use is contacted by aqueous sample Introduced 
into said apparatus. 

14. Apparatus according to daim 12 or 13. 
wherein said enzyme comprises an oxldoreduc- 
tase. 

15. Apparatus according to claim 14, wherein 
said enzyme comprises glucose oxidase. 

16. Apparatus according to claim 11. wherein 
said redox reagent comprises ferricyanlde or other 
redox reagent selected from methylene blue, p- 
benzoqulnone, 2,6-dichlorophenoBndophen6l. 
pyocyanlne or thionine, and said electrocherhically 
oxidisable or reducible substance is oxidisable and 
comprises fenrocyanlde, or reduced form of said 
other redox reagent 

17. Apparatus according to claim 11, wherein 
said electrodes are selected comprise at least one 
gold or cart)on or sliver electrode. 

18. Apparatus according to claim 17, compris- 
ing in said reaction cell' a releasable layer of a 
mercuric salt for electrochemcally fonning a film of 
mercury over said goM or carbon or silver elec- 
trode. 
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